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In order to understand the end-stages of boundary layer transition in low as well as high 
disturbance environments (including bypass transition) it is desirable to establish a unified 
view of the sequences of physico-mathematical phenomena that lead from laminar flow to 
self- sustained "bursting" in wall turbulence. The dominant driving disturbances: oncoming 
free turbulence, unsteady pressure fields (including sound), inhomogeneous density fields, 
inhomogeneities in wall geometry (including distributed roughness) etc., all force 
disturbed motions within the boundary layer via multiple competitive receptivity 
mechanisms. For small disturbances, a sequence of (often linearizable) instabilities then 
leads to sporadic local bursting very near the wall which can sustain turbulence. The local 
seeds of turbulence then somehow propagate (as in case of idealized Emmons' spots) to 
engulf quite rapidly the surrounding disturbed but still laminar regions. The instability 
sequences differ with basic parameters and with the nature of internalized ("received") 
boundary-layer disturbances, thus providing highly non-unique roads to turbulence. There 
may be fewer modes of the final onset of bursting, the criteria for which are not yet clear. 

For larger disturbances (even more non-unique) the instabilities will generally bypass the 
linearizable primary amplified modes (T.S. waves, steady and unsteady cross flow modes, 
Goertler modes) and amplify nonlinearly and "inviscidly", roughly starting with the 
secondary instability phenomena. Special attention is called to "algebraically" growing 
instabilities, which theoretically can grow from rather small disturbances, but must be 
"environmentally realizable". The final "bursting" breakdown process is likely to be 
similar to that for the non-bypass cases. In both small and large disturbance cases, the 
number of governing parameters is large, ten to twenty or more. 

In prediction of transition and in modeling of its end stages, idealization and simplification 
is unavoidable. The purpose of this lecture is to establish a common vocabulary for the 
various processes and their dominant mechanisms. Then we should be able to compare 
various theoretic-empirical methods, both in terms of the success in correlating (limited) 
data and in terms of the essential physics retained in the idealizations (as a guide to its 
generality). 
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J. K£GEIMAM 

Figure 65: Enlargement of Striations Illustrating Striation 

Breakdown (V^U^ = 0 _ 825) R = 0 .814 x 10 6 ) 
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